Reagents and materials. NaCN (p.a. ≥97%), graphite fluoride (>61 wt.% F, C 1 F 1.1 ), NaOH concentrate (for preparing 1 L of a 0.1 M standard solution), HCl concentrate (for preparing 1 L of a 0.1 M standard solution), NaOH (reagent grade, ≥98%, pellets), 2,2'-(Ethylenedioxy)bis(ethylamine) (98%), 2-(2-aminoethoxy)ethanol (98%), cysteamine hydrochloride (≥97%), N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC, ≥99.0%), ethyl cyano(hydroxyimino)acetate (oxyma pure), cysteamine hydrochloride (≥97%), dimethyl sulfoxide (DMSO, anhydrous, ≥99.9%), potassium hexacyanoferrate(II) and potassium hexacyanoferrate (III) were purchased from Sigma-Aldrich. Acetone (pure), ethanol (absolute) and potassium chloride were purchased from Penta. Amine free dimethylformamide (DMF), nitric acid (Analupure®, 65%)
Methods
Reagents and materials. NaCN (p.a. ≥97%), graphite fluoride (>61 wt.% F, C 1 were purchased from Sigma-Aldrich. Acetone (pure), ethanol (absolute) and potassium chloride were purchased from Penta. Amine free dimethylformamide (DMF), nitric acid (Analupure®, 65%)
were obtained from Lach-Ner. All aqueous solutions were prepared with ultrapure water (18 MΩ cm −1 ).
Structural and physicochemical characterization. FT-IR spectra were recorded on an iS5 FTIR spectrometer (Thermo Nicolet) using the Smart Orbit ZnSe ATR accessory. Briefly, a droplet of an ethanolic dispersion of the relevant material was placed on the ZnSe crystal and left for ethanol to dry and form a film. Spectra were then acquired by summing 52 scans, using nitrogen gas flow through the ATR accessory. ATR and baseline correction were applied to the collected spectra.
Raman spectra were recorded on a DXR Raman microscope using the 532 nm excitation line of a diode laser. A combined NTEGRA Spectra system (NT-MDT, Russia) was used to characterize the samples' topography (HA-NC tips, mica substrate). The spectra were accumulated for 600 s (with an exposure time of 1s) using a 50 µm slit, a 600 lines mm −1 gating, and a thermoelectrically cooled detector. X-ray photoelectron spectroscopy (XPS) was carried out with a PHI VersaProbe II (Physical Electronics) spectrometer using an Al Kα source (15 kV, 50 W). The obtained data were evaluated with the MultiPak (Ulvac -PHI, Inc.) software package.
Electron microscopy images were obtained with TEM JEOL 2010 with LaB6 type emission gun, operating at 160 kV. STEM-HAADF (high-angle annular dark-field imaging) analyses for EDS (Energy-dispersive X-ray spectroscopy) mapping of elemental distributions on the products were performed with a FEI Titan HRTEM microscope operating at 80 kV. For these analyses, a droplet of an aqueous dispersion of the material under study with a concentration of ~0.1 mg mL -1 was deposited on a carbon-coated copper grid and slowly dried at laboratory temperature for 24
hours to reduce its content of adsorbed water.
Thermal analyses were performed with an STA449 C Jupiter-Netzsch instrument at a heating rate of 5 °C min −1 , under an N 2 flow in the sample compartment. , where σ is the standard deviation of the distribution in nm.
For the purpose of titration, the material was washed with acidified water (pH = 2) to ensure protonation of the carboxyl groups. It was then washed with ultrapure water to remove excess H 3 O + until the system's conductivity was stabilized. Then it was suspended in 4 ml of water (total final volume) and titrated with 0.1 M standard NaOH solution. All water used was degassed by boiling for 4 h.
Polarized optical microscopy was performed on an Olympus IX70 inverted optical microscope, using the XL-WPO polarizer installed in the system. A droplet of an aqueous dispersion of graphene acid (2.5 mg mL −1 ) was deposited on a microscope glass slide and left to dry covered inside a plastic petri dish. To slow down the evaporation of the water and increase the time available for crystallization, several drops of water were deposited on the bottom of the petri dish. in a conventional three electrode setup at room temperature (22 ± 2 °C). Platinum wire was used as an auxiliary electrode, an Ag/AgCl (3M KCl) electrode was used as a reference electrode, and glassy carbon electrodes (GCE) served as working electrodes. All EIS spectra were recorded at 5 mV amplitude over the frequency range 0. Fig. 8b ). A constant phase element was used to account for interfacial irregularities such as roughness, porosity and/or changes in electrode geometry. 2, 3 The results were fitted using an extended Randles equivalent circuit featuring a constant phase element, charge transfer resistance, R ct and Warburg impedance Z w . An additional RC circuit in parallel consisting of GCE/modifier interface resistance R int and GCE/modifier interface capacitance C int was connected in series to the Randles circuit. R s represents the electrolyte's resistance ( Figure S11c ).
Computational Details. Plane-wave density functional theory (PW-DFT) calculations were performed with the Perdew, Burke, and Ernzerhof (PBE) 4 exchange and correlation functional and projected augmented wave potentials (PAW) 5, 6 representing atomic cores, as implemented in the Vienna ab initio simulation package (VASP). 6, 7 The wave functions were expanded in the PW basis set with a cutoff of 600 eV. Brillouin zone integrations were performed using a 10 × 10 × 1 Γ-centered Monkhorst-Pack k-point mesh per conventional 4 × 3 rectangular cell containing 48 carbon
atoms. An extensive study of structural and electronic properties of both CN and COOH functionalized graphene was accomplished. Up to eight functional groups per computational cell were considered. At each coverage, several tens of possible arrangements of CN and COOH on the pristine graphene layer were taken into account and both possible directions of -CN and -COOH adsorption were also considered, i.e., under (bottom) and above (top) the graphene plane. The lowest-energy GS arrangement found at a low coverage (ca. 2.1%) was used to generate a starting configuration of a higher coverage (i.e., 4.2% starting from 2.1%) by adding a single group on-top of sp 2 hybridized carbon atom neighboring to sp 3 C atoms. In the next step, this additional group was put on-top of next-nearest C atoms, and so forth ( Figure S14 ). This gradual process allowed us to monitor the total-energy changes and identification of the most plausible (lowest in energy)
structures. This procedure was repeated for each coverage. In addition, at each coverage, several other unique configurations with more uniform distribution of CN and COOH in the cell were also considered. The most stable adsorption positions were the top-bottom configurations on-top of neighboring C atoms, where the carboxyl groups tended to form chains over the surface ( Figure   S15 ). Cyanide groups exhibited similar tendency only up to ~8% concentration, whereas above this threshold -CN tended to occupied positions on C atoms belonging to the same hexagonal ring ( Figure S16 ). A full structural optimization was performed using a quasi-Newton algorithm until the residual atomic forces were below 25 meV Å -1
. Simultaneously, the electronic degrees of freedom were converged to an energy of less than 10 -6 eV.
6
Molecular dynamics simulations were performed using GROMACS 4.5. 8 Carbon parameters for graphene were taken from the literature 9 and the SPC/E 10 water model was used. A 2 fs step was used in all simulations. In the simulations, the system was initially thermalized using the V-rescale method 11 with a 0.1 ps time constant and the semi-isotropic Berendsen barostat. 12 Then the system was equilibrated (10 ns) at a temperature of 300 K and 1 bar pressure. The subsequent production run (20 ns) was carried out in the NVT ensemble. Bonds involving hydrogen were constrained using the LINCS algorithm. 13 Electrostatic interactions were treated using the Particle-Mesh Ewald (PME) method with a real-space cutoff of 1 nm. A stack of 4 functionalized graphene flakes at.% background N). The -COOH content in G-COOH, was estimated to be 9.3 at.% on the basis of the deconvoluted C1s spectrum and the component ascribed to the O-C=O carbons (Fig. 2b,ii) . The oxygen content of G-COOH is 25.8 at.%; after subtracting the background oxygen level observed in G-CN of 6 at.%, this becomes 19.8 at.%, which is, as expected, almost twice the value for carboxylate carbons. It is noted that the oxygen content in G-CN is higher than in the control sample (GF in DMF), because the NaCN used for obtaining G-CN is higly hygroscopic, thus introducing significant amount of water molecules in the reaction. Graphene-acid derivative from acidic hydrolysis of cyanographene 13 this work a Singlet phenyl nitrene primarily isomerizes to the corresponding cyclic ketenimine, which then reacts with the phenyl azide itself to form a polymeric tar. 27, 28 It is therefore highly likely that multiple layers, rather than a single layer of phenyl azide, was deposited on graphene resulting in an apparent high degree of functionalization. 8.3%. In the search for GS structure, at each coverage the position of one molecule (e.g., marked by yellow circle) was fixed, while the remaining molecules were placed on C atoms marked by lines, which allowed to monitor the total energy changes with the distance between molecules. For clarity, only up to 4 COOH groups per computational cell is displayed. At higher concentration, similar structural motifs are found to be GS arrangements, i.e., the carboxyl groups tended to form chains over the surface (cf., Figure S15 and Figure   5c ). Figure S15 . 
